I examine the common trend in inflation for consumer prices and consumer prices excluding prices of food and energy. Both the personal consumption expenditure (PCE) indexes and the consumer price indexes (CPI) are examined. The statistical model employed is a bivariate integrated moving average process; this model extends a univariate model that fits the data on inflation very well. The bivariate model forecasts as well as the univariate models. The results suggest that the relationship between overall consumer prices, consumer prices excluding the prices of food and energy, and the common trend has changed significantly over time. In the 1970s and early 1980s, movements in overall prices and prices excluding food and energy prices both contained information about the trend; in recent data, the trend is best gauged by focusing solely on prices excluding food and energy prices.
Core inflation is often defined as the trend rate of change in overall prices. The rate of change in consumer prices excluding food and energy prices, perhaps smoothed over several quarters, is a common proxy for this definition of core inflation -reflecting the idea that food and energy prices are more volatile than (most) other components, implying that such prices may contain less signal regarding the trend rate of inflation.
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In a forecast context, projections of overall consumer price inflation often converge to recent values of inflation measured from consumer prices excluding food and energy prices; empirical evidence that overall consumer price inflation may "error correct" toward inflation measured from consumer prices excluding food and energy prices is sometimes presented to motivate this practice. 3 This article examines the trend rate of inflation using a simple statistical process of overall consumer prices and consumer prices excluding food and energy prices. The statistical model chosen, an integrated moving average process, has been shown to explain the data very well (see section 1); the innovation herein is to apply this statistical model jointly to the data on overall consumer prices and consumer prices excluding food and energy prices. The analysis allows a simple interpretation of a number of previous results, including: the nature of error correction between inflation in overall consumer prices and consumer prices excluding food and energy prices; second-round effects from food and energy prices to inflation; and the relative performance of various simple forecast models. Moreover, the statistical model provides an estimate of trend inflation.
A good statistical model of inflation
The empirical exercises herein will focus on quarterly data for consumer prices and consumer prices excluding food and energy prices. I consider two measures of consumer prices: the personal consumption expenditure price (PCE) index and the consumer price index (CPI); these measures differ somewhat in their coverage and in how they aggregate prices to construct an aggregate price level.
I will define trend inflation as the expected value of inflation over the next four quarters. Defining trend in terms of forecast follows Bryan and Cecchetti (1994) .
Alternative estimates of trend are evaluated by examining their performance in forecasting inflation. 4 Evaluation of alternative measures requires a reference model that has good forecast performance. Previous research has shown that univariate statistical models of consumer prices and consumer prices excluding food and energy prices in which the rate of change in these indexes consists of a random-walk trend component and a seriallyuncorrelated transitory component perform very well -implying that inflation follows an integrated moving average (IMA(1,1)) process. For example, Watson (2007, 2008) show that such univariate models outperform (for forecasting) other univariate models and statistical models that include other predictors (such as measures of activity, interest rates, etc.).
5 Earlier work, including Nelson and Schwert (1977) and Barsky 4 Of course, there may be forecastable variation in inflation at longer horizons, which would imply that this definition of trend is too short-sighted; previous empirical work suggests this is not much of a concern. 5 Stock and Watson (2008) show that Phillips curve models outperform univariate models in certain periods, but that this performance is not consistent. For example, Stockton and Glassman (1987) show that a traditional accelerationist Phillips curve outperforms other forecast models over the period from the late 1970s to the mid-1980s; Edge, Kiley, and Laforte (2008) show that a New-Keynesian Phillips curve outperforms other models 1996 to 2005. These two Phillips curves have different properties, suggesting (1987) , reached similar conclusions on the univariate properties of inflation. Watson (2007, 2008) emphasize the importance of variation in the volatility of the permanent and transitory components of inflation.
This statistical model implies that trend inflation is an exponentially-weighted average of past realizations. Interestingly, Muth (1960) suggested that forecasts from such models would be optimal in some contexts in work that accompanied his research on rational expectations.
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Previous research has used this statistical model on overall consumer prices and consumer prices excluding food and energy prices separately. I propose modeling these data jointly. Specifically, I assume that overall consumer prices and consumer prices excluding food and energy prices share a common trend component; the transitory components are allowed to be correlated. These assumptions exclude the possibility of a trend in food and energy prices relative to other prices; whether this exclusion impairs forecast performance will be apparent in the evaluation below.
The joint model (1) is given by
that the performance of Phillips curve models is episodic, perhaps consistent with structural changes associated with monetary policy. 6 Cogley (2002) uses the same statistical model for trend inflation, but argues that the underlying statistical model may not fit the data as well as suggested by Nelson and Schwert (1977) . The subsequent work by Watson (2007, 2008) casts some doubt on this conclusion.
where p(t) is the log-difference in overall consumer prices, pxfe(t) is the log-difference in consumer prices excluding food and energy prices, p*(t) is the common trend, and u(t), w(t), and e(t) are serially uncorrelated shocks; the matrix S is the variance covariance matrix of the transitory shocks (u and w) and v is the variance of the permanent shock (e). This is a model in which both measures of inflation follow correlated IMA(1,1)
processes.
I have not indexed the second moments of the shocks (e.g., the variancecovariance matrix S and the variance v) by time period. Watson (2007, 2008) emphasize the importance of variation over time in the size of permanent and transitory shocks; in particular, they find that the variance of permanent shocks relative to transitory shocks was much larger in the late 1970s and early 1980s than in subsequent years, consistent with the idea the period surrounding the Volcker disinflation was one of substantially swings in trend inflation. I allow for this time variation by estimating the model using rolling windows of 60 quarters; this is one of the strategies followed by Stock and Watson (2007) .
The joint model (1) is compared to two univariate models with the same structure -that is, the separate models of overall consumer prices and consumer prices excluding food and energy prices presented in Stock and Watson:
In addition, I consider the proposal for trend inflation presented in Atkeson and Ohanian (2001) -equal to the four-quarter moving average of either overall consumer price inflation or inflation in consumer prices excluding food and energy prices.
Results
Each model (1 through 3) is estimated using a rolling 60-quarter window.
The initial sample is 1960Q1 to 1974Q4. This sample is used to estimate the trend rate of inflation for the period after 1974Q4, and performance is evaluated using the forecast error over the subsequent four quarters (i.e., inflation over the four quarters to 1975Q4).
The sample is then rolled forward one period (i.e., to 1960Q2 to 1975Q1) , the model is re-estimated, and the trend estimates are produced. The entire evaluation period is based on forecasts produced from 1974Q4 to 2006Q4 (based on realizations of four-quarter inflation from 1975Q4 to 2007Q4).
All of the results reported in the rest of the memo are very similar across the PCE index and the CPI. I present the results for the PCE index first, and then report the same set of information for the CPI. Because the results are so similar across the alternative indexes, the second discussion -of the CPI results -is less detailed.
Personal Consumption Expenditure (PCE) Price Index
The trend estimates produced by models 1 to 3 applied to PCE prices are presented in figure 1. (As outlined above, these are the one-sided trend estimates derived from the model based on the rolling 60-quarter parameter estimates • The joint model of overall prices and prices excluding food and energy prices are sometimes better than the univariate models proposed by Watson (2007, 2008) ;
• Most importantly, the differences are very small in recent periods.
These conclusions are apparent in figures 2 and 3, which present the root mean square error over the 16 quarters prior to the date shown for overall prices and prices excluding food and energy prices for the IMA(1,1) models and the AtkesonOhanian model. The relative performance of various models changes over time somewhat. But the dominant impression from both figures is that the RMSEs in recent years are small and similar across each specification. This is essentially the conclusion of Watson (2007, 2008) , which show that the univariate IMA(1,1) is as good as most alternatives, the size of forecast errors has fallen since the 1970s, and the amount of forecastable variation in inflation has been low in recent years.
Consumer Price Index (CPI)
The same set of figures and tables are presented for the CPI. These results show the following: 
Some interesting economic results
The results in the last section -especially the finding that the joint modeling of overall prices and prices excluding food and energy prices has similar forecast performance to the univariate models of Watson (2007, 2008) -beg the question of whether our empirical exploration of a bivariate model is worth the effort.
There are some interesting insights that follow from the joint modeling of overall prices and prices excluding food and energy prices.
In particular, these models fit the data well, as in Watson (2007, 2008 ), yet allow consideration of three important (and highly interrelated) questions that cannot be answered using the univariate approach of these authors (and others, e.g.,
Cogley (2002)). The questions are
• What is the information content on overall prices and prices excluding food and energy prices for the trend in inflation?
• How is the information content in each measure related to previous findings on error-correction of overall inflation to inflation measured from prices excluding food and energy prices?
• How is the information content in each measure related to previous findings on the pass-through of energy or food inflation to inflation of other prices?
I examine each of these questions in turn.
The information content in overall prices and prices excluding food and energy prices for trend inflation
Applying the Kalman filter to model 1, the estimate of the trend (p*_(t)) is related to the data on overall inflation and inflation measured from prices excluding food and energy prices via the following formula: p*_(t)-p*_(t-1) = a1·(p(t)-p*_(t-1)) + a2·(pxfe(t)-p*_(t-1)).
The coefficients a1 and a2 reflect the relative information content of overall prices and prices excluding food and energy prices and are determined by the following set of equations (which determine a1, a2, and Σ, the variance of the gap between the estimated trend and true trend): • Surprises in both overall inflation and inflation measured using prices excluding food and energy prices in the mid-1970s had significant information; for the CPI, the weights on overall inflation and inflation measured from prices excluding food and energy prices were approximately equal (and near ½) through the midto-late 1980s.
• The most recent data suggest that surprises in overall inflation have had no information for trend inflation (a1 near zero); all of the information regarding trend has been contained in prices excluding food and energy prices.
• The combined information in inflation measures (a1 + a2) in recent samples is clearly below the values that prevailed prior to and just after the Volcker disinflation. This result is similar to the finding in Watson (2007, 2008 ) that the variance of permanent shocks has fallen since the Volcker period.
The evolving information content in overall prices and prices excluding food and energy prices provides some support to a focus on prices excluding food and energy prices in a policy context (e.g., as discussed in Mishkin (2007)), despite the small differences in forecast performance in recent years. Of course, this is a feature of the reduced form for inflation and undoubtedly depends on the nature of monetary policy reactions to inflation.
Error-correction of inflation in overall prices to inflation of prices excluding food and energy prices
A number of studies have found that the rate of change in overall PCE prices error corrects to an estimate of inflation based on prices excluding food and energy prices (e.g., Blinder and Reis (2005) ). Policymakers have referred to this tendency in discussing the outlook for inflation (e.g., Rosengren (2008) ).
Blinder and Reis (2005) estimate regressions of the following form
where p(t+h,t) is the rate of inflation on overall prices averaged between period t+h and t (and similarly for pxfe(t+h,t)) and the other variables are as defined earlier. A tendency of overall inflation to correct to the measure estimated excluding food and energy prices implies that c1 is less than zero; a tendency of the measure estimated excluding food and energy prices to correct to overall inflation implies that c2 is less than zero. In recent samples, c1 tends to be less than zero while c2 is estimated to approximately equal zero.
The joint model (model 1) accounts for such findings in the patterns of the variances of permanent and transitory shocks to each price index and the correlation between the transitory innovations to each shock. In particular, model 1 assumes a common stochastic trend in overall prices and prices excluding food and energy prices, and hence will tend to imply that one or both index will error correct to the other.
The error correction coefficients are directly related to the parameters governing information content in each data series presented in the previous subsection.
For example, overall inflation has (essentially) no information for the trend if a1 is close to zero; since overall inflation equals the trend in the long run and the trend solely depends on information in prices excluding food and energy prices in this case, overall inflation will correct to inflation measured by prices excluding food and energy prices when a1 is zero. More generally, both indexes will correct to each other when a1 and a2 both exceed zero by notable margins.
The results in figures 7 and 8 imply that overall inflation and inflation measured by prices excluding food and energy prices would both tend to correct to the other in the 1970s and 1980s, but that the most recent data would show correction only in overall inflation. As above, this is only a reduced-form characteristic of the data.
The pass-through of energy or food prices to other prices
It is perhaps obvious that error-correction as discussed above is simply another way to view pass-through from energy or food prices to inflation in other prices.
In particular, a tendency for inflation of prices excluding food and energy prices to respond to energy or food price inflation in subsequent quarters would imply information in overall prices for trend inflation above and beyond the information in prices excluding food and energy prices. As shown in figures 7 and 8, there was such information in earlier periods, but recent data provide no evidence for such information.
This finding echoes that in Hooker (2002) , who demonstrated that oil prices have had little effect on subsequent inflation in recent data. 9 One advantage of this finding using the common-trend IMA(1,1) model presented herein is that this model is very parsimonious, fits well, and provides simple summary statistics to gauge passthrough (through the information coefficients, a1 and a2).
Of course, this reduced form characteristic of the data demands explanation in a structural model; Blanchard and Gali (2007) present on example of such research.
Summary
I have extended the univariate IMA(1,1) model of inflation used in previous work to a bivariate model of inflation in consumer prices and consumer prices excluding food and energy prices by assuming that these rates of inflation share a common stochastic trend. The bivariate model forecasts as well as previous univariate models (or even better than those models). Moreover, results suggest that the relationship between overall consumer prices, consumer prices excluding the prices of food and energy, and the common trend has changed significantly over time. In the 1970s and early 1980s, movements in overall prices and prices excluding food and energy prices both contained information about the trend; in recent data, the trend is best gauged by focusing solely on prices excluding food and energy prices. 
